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Mo9va9on	
  
Major	
  disadvantages	
  of	
  current	
  centrality	
  determinaAon	
  
approach.	
  
	
  
•  Model	
  based	
  	
  

Uses	
  Glauber	
  or	
  Glauber-­‐Gribov	
  models,	
  approximates	
  
parAcle	
  producAon	
  mechanism	
  typically	
  at	
  high	
  eta.	
  
	
  

•  Biased.	
  	
  
Uses	
  parAcles	
  produced	
  in	
  HI	
  collision	
  which	
  creates	
  
correlaAons	
  between	
  centrality	
  parameters	
  and	
  measured	
  
physics	
  phenomena.	
  	
  	
  
	
  

•  Trigger	
  
Relies	
  on	
  the	
  knowledge	
  of	
  min	
  bias	
  trigger	
  efficiency.	
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Concept	
  

Direct	
  way	
  to	
  measure	
  centrality	
  is	
  to	
  measure	
  Npart	
  
	
  
	
  
	
  
	
  
Where	
  A	
  for	
  Au	
  =	
  197	
  in	
  the	
  current	
  study	
  and	
  Af	
  	
  is	
  the	
  mass	
  
number	
  of	
  spectator	
  fragment.	
  The	
  sum	
  runs	
  over	
  all	
  	
  spectators	
  
on	
  both	
  sides	
  of	
  I.P.	
  	
  
	
  
We	
  parAally	
  do	
  that	
  by	
  measuring	
  neutrons	
  in	
  ZDC.	
  
	
  

Npart = 2A− Af
i

i
∑
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Concept	
  
•  Collider	
  magneAc	
  system	
  are	
  nearly	
  perfect	
  mass	
  spectrometer	
  
for	
  disAnguishing	
  different	
  spectator	
  species	
  based	
  on	
  their	
  
mass	
  to	
  charge	
  raAo	
  ~	
  A/Z.	
  

•  In	
  a	
  collider	
  an	
  equilibrium	
  parAcle	
  ,	
  19779Au	
  remains	
  on	
  an	
  
equilibrium	
  orbit.	
  However	
  spectators	
  	
  has	
  lesser	
  mass	
  and	
  
hence	
  lesser	
  A/Z	
  raAo.	
  

Measurable	
  	
  	
  

Neutrons	
  to	
  ZDC	
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Equilibrium	
  beam	
  in	
  RHIC	
  
Interac9on	
  

point	
  

Blue	
  beam	
  
(outgoing)	
  

Yellow	
  beam	
  
(incoming)	
  

6	
  

•  MAD-­‐X	
  is	
  used	
  for	
  
tracing	
  the	
  spectator	
  
fragments.	
  

•  Doesn’t	
  take	
  into	
  
account	
  of	
  nuclear	
  
fragmentaAon	
  and	
  is	
  
completely	
  ideal	
  case.	
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Fragment	
  generators	
  

•  In	
  an	
  ideal	
  case	
  the	
  expression	
  

	
  
does	
  not	
  require	
  knowledge	
  about	
  how	
  spectator	
  nucleons	
  
aggregate	
  into	
  fragments.	
  

•  In	
  reality	
  the	
  detector	
  performance	
  strongly	
  depends	
  on	
  how	
  the	
  
remaining	
  part	
  of	
  nuclei	
  fragments.	
  	
  

•  Two	
  generators	
  are	
  used	
  for	
  further	
  studies:	
  DPMJET	
  and	
  QGSM	
  
	
  

Npart = 2A− Af
i

i
∑
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Spectator	
  defini9on	
  

•  Rapidity	
  distribuAon	
  of	
  fragments	
  from	
  two	
  generators	
  are	
  different.	
  
•  DPMJET	
  also	
  models	
  produced	
  parAcles,	
  the	
  QGSM	
  does	
  not.	
  Those	
  

parAcles	
  are	
  the	
  background.	
  	
  
•  ParAcles	
  in	
  |y|	
  >	
  5.0	
  with	
  baryonic	
  number	
  >	
  0	
  and	
  not	
  produced	
  in	
  

HI	
  collisions	
  are	
  considered	
  spectators.	
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Npart	
  distribu9on	
  

partN0 100 200 300

Pr
ob
ab
ilit
y

-510

-410

-310

-210
QGSM
DPMJet
Glauber

•  DPMJET	
  and	
  Glauber	
  Npart	
  matches	
  reasonably	
  well.	
  
	
  
•  QGSM	
  shows	
  significant	
  deviaAon	
  from	
  Glauber.	
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Fragmenta9on	
  

•  Significant	
  difference	
  in	
  the	
  
fragment	
  mass	
  number	
  in	
  
different	
  Npart	
  region	
  for	
  
both	
  the	
  generators.	
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Generators	
  comparison	
  with	
  PHENIX	
  data	
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e •  We	
  cannot	
  compare	
  all	
  
fragments,	
  but	
  we	
  can	
  
compare	
  free	
  neutrons	
  in	
  
the	
  ZDC.	
  

•  Trends	
  are	
  similar,	
  but	
  the	
  
agreement	
  is	
  not	
  perfect.	
  	
  

•  DPMJET	
  beher	
  agrees	
  to	
  
data	
  for	
  Npart	
  >	
  150.	
  

•  In	
  the	
  most	
  peripheral	
  
events	
  both	
  models	
  have	
  
less	
  free	
  neutrons	
  as	
  
compared	
  to	
  data.	
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Spectator	
  deflec9on	
  
Effects	
  which	
  contribute	
  to	
  the	
  fragment	
  deflecAon	
  in	
  the	
  detector:	
  
	
  

1.  Beam	
  dispersions,	
  mainly	
  x	
  (beam	
  spot)	
  and	
  x’	
  (beam	
  angular	
  
spread).	
  

	
  
2.  Fermi	
  moAon	
  of	
  the	
  fragments	
  coming	
  from	
  Fermi	
  moAon	
  of	
  

the	
  nucleons	
  in	
  the	
  nuclei.	
  	
  
	
  

•  It	
  more	
  affects	
  lighter	
  fragments	
  than	
  heavy	
  ones	
  where	
  
moAon	
  averages	
  out.	
  

•  Longitudinal	
  and	
  transverse	
  Fermi	
  moAon	
  will	
  be	
  
addressed	
  separately.	
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Deflec9on	
  in	
  sta9on	
  1	
  (example)	
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Deflec9on	
  in	
  sta9on	
  1	
  (example)	
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Taking	
  into	
  account	
  beam	
  
dispersions	
  in	
  x	
  and	
  x’.	
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Deflec9on	
  in	
  sta9on	
  1	
  (example)	
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Taking	
  into	
  account	
  beam	
  
dispersions	
  in	
  x	
  and	
  x’.	
  
	
  
The	
  same	
  and	
  adding	
  Fermi	
  
moAon	
  in	
  longitudinal	
  
direcAon.	
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Deflec9on	
  in	
  sta9on	
  1	
  (example)	
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Taking	
  into	
  account	
  beam	
  
dispersions	
  in	
  x	
  and	
  x’.	
  
	
  
The	
  same	
  and	
  adding	
  Fermi	
  
moAon	
  in	
  longitudinal	
  
direcAon.	
  
	
  
The	
  same,	
  with	
  full	
  Fermi	
  
moAon.	
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Deflec9ons	
  in	
  different	
  sta9ons	
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•  StaAon	
  1	
  is	
  for	
  protons	
  
(red)	
  and	
  He-­‐3	
  (blue).	
  
Same	
  plot	
  as	
  above	
  with	
  
all	
  effects	
  in.	
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Deflec9ons	
  in	
  different	
  sta9ons	
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•  StaAon	
  1	
  is	
  for	
  protons	
  
(red)	
  and	
  He-­‐3	
  (blue).	
  
Same	
  plot	
  as	
  above	
  with	
  
all	
  effects	
  in.	
  

	
  
•  StaAon	
  2	
  is	
  for	
  fragments	
  

with	
  2	
  <	
  A/Z	
  <	
  2.1	
  	
  

18	
  6/5/14	
   WIS	
  group,	
  Centrality	
  detector	
  concept	
  



Deflec9ons	
  in	
  different	
  sta9ons	
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•  StaAon	
  1	
  is	
  for	
  protons	
  
(red)	
  and	
  He-­‐3	
  (blue).	
  
Same	
  plot	
  as	
  above	
  with	
  
all	
  effects	
  in.	
  

	
  
•  StaAon	
  2	
  is	
  for	
  fragments	
  

with	
  2	
  <	
  A/Z	
  <	
  2.1	
  	
  

	
  
•  StaAon	
  3	
  is	
  for	
  fragments	
  

with	
  A/Z	
  >	
  2.1	
  

•  Neutrons	
  are	
  measured	
  
by	
  the	
  ZDC	
  and	
  are	
  not	
  
shown.	
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Reconstructed	
  par9cipants	
  
Aoer	
  summing	
  up	
  the	
  fragments	
  in	
  all	
  staAons	
  we	
  can	
  calculate	
  the	
  
number	
  of	
  reconstructed	
  parAcipants	
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Reconstructed	
  par9cipants	
  
Aoer	
  summing	
  up	
  the	
  fragments	
  in	
  all	
  staAons	
  we	
  can	
  calculate	
  the	
  
number	
  of	
  reconstructed	
  parAcipants	
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Reconstructed	
  par9cipants	
  
Aoer	
  summing	
  up	
  the	
  fragments	
  in	
  all	
  staAons	
  we	
  can	
  calculate	
  the	
  
number	
  of	
  reconstructed	
  parAcipants	
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Efficiency	
  of	
  Centrality	
  determina9on	
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•  Centrality	
  determinaAon	
  
efficiency	
  is	
  the	
  fracAon	
  of	
  all	
  
events	
  in	
  which	
  centrality	
  can	
  
be	
  determined.	
  

	
  
•  Mainly	
  limited	
  by	
  StaAon	
  3	
  
acceptance	
  for	
  fragments	
  with	
  	
  
A/Z	
  close	
  to	
  2.5.	
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Resolu9on	
  of	
  Centrality	
  determina9on	
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•  An	
  event-­‐by-­‐event	
  resoluAon:	
  
R.M.S/Mean	
  of	
  the	
  Npart	
  	
  
distribuAon	
  vs.	
  Npart.	
  

•  Filled	
  markers	
  are	
  for	
  5%	
  
centrality	
  intervals.	
  

•  Open	
  markers	
  corresponds	
  to	
  
intrinsic	
  detector	
  resoluAon.	
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•  Comparable	
  to	
  present	
  techniques,	
  but	
  uses	
  no	
  model	
  assumpAon.	
  

•  Main	
  factor	
  defining	
  the	
  resoluAon	
  are	
  the	
  spectator	
  missing	
  the	
  
staAons.	
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Detector	
  technology:	
  measuring	
  charge	
  

25	
  

•  Evident	
  choice:	
  a	
  Cherenkov	
  detector.	
  ResoluAon	
  to	
  disAnguish	
  two	
  
close	
  charges	
  (Z	
  f	
  –	
  1)	
  and	
  Z	
  f	
  aoer	
  some	
  simplificaAons	
  is:	
  

	
  
	
  

•  Cherenkov	
  detector	
  with	
  5	
  cm	
  radiator,	
  refracAve	
  index	
  of	
  opAcal	
  
glass,	
  20%	
  light	
  collecAon	
  and	
  10%	
  photosensor	
  Q.E.	
  	
  

	
  

	
  
•  Number	
  of	
  fragments	
  in	
  staAons	
  is	
  typically	
  less	
  than	
  10.	
  The	
  

detector	
  shall	
  have	
  about	
  a	
  hundred	
  channels.	
  

dq
q
≈

1
3 Z f

Sta9on	
   Typical	
  <Zf>	
   Required	
  dq/q	
   <Np.e.>	
  

1	
   1	
  -­‐	
  2	
   30%	
   20	
  

2	
   20	
   3%	
   4,000	
  

3	
   40	
   1.5%	
   15,000	
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Detector	
  technology	
  :	
  measuring	
  x	
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•  Evident	
  choice:	
  MulA	
  layered	
  silicon	
  pixel	
  based	
  tracker.	
  

•  Important	
  for	
  detector	
  alignment	
  and	
  for	
  background	
  rejecAon	
  
by	
  tracking	
  parAcles	
  from	
  one	
  staAon	
  to	
  another.	
  

•  In	
  principle	
  analysis	
  of	
  the	
  parAcle	
  angles	
  may	
  help	
  to	
  improve	
  
on	
  A/Z	
  accuracy	
  and	
  even	
  measure	
  the	
  Fermi	
  momentum	
  pF.	
  
That,	
  however,	
  may	
  require	
  much	
  higher	
  accuracy.	
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Further	
  applica9on	
  (v1	
  event	
  plane)	
  

partN
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•  Neutron	
  deflecAon	
  for	
  30-­‐40%	
  
centrality	
  in	
  ALICE	
  ZDC	
  at	
  110	
  m	
  is	
  
0.92	
  mm	
  [ref	
  :	
  Phys.	
  Rev.	
  Leh.	
  
111,	
  232302]	
  

•  Considering	
  	
  θ	
  ~	
  1/√sNN	
  dΨ1~	
  1.1	
  
rad.	
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•  v1	
  EP	
  (Ψ1)	
  is	
  typically	
  measured	
  done	
  using	
  neutron	
  deflecAon	
  in	
  ZDC,	
  
but	
  it	
  can	
  be	
  beher	
  measured	
  with	
  all	
  spectator	
  fragment	
  by	
  
analyzing	
  their	
  posiAons	
  in	
  all	
  three	
  staAons.	
  

•  dΨ1	
  =	
  (<σ>	
  /	
  θ	
  )	
  <|f(Ψ)|>,	
  θ	
  is	
  the	
  polar	
  angle	
  of	
  spectator	
  fragments.	
  
<σ>	
  is	
  the	
  resoluAon	
  of	
  spectator	
  fragment	
  angle	
  at	
  the	
  IP.	
  

	
  	
  
•  f(Ψ)	
  accounts	
  for	
  differences	
  in	
  σx	
  and	
  σy	
  ,	
  When	
  similar	
  |f(Ψ)|	
  ~	
  1.	
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Lessons	
  from	
  recent	
  QM	
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•  Smaller	
  systems	
  pp	
  and	
  pA	
  are	
  not	
  that	
  simple	
  as	
  we	
  thought.	
  	
  
•  In	
  AA	
  systems	
  the	
  onset	
  of	
  suppression	
  is	
  not	
  understood.	
  
•  Need	
  a	
  direct	
  comparison	
  between	
  pA	
  and	
  AA!	
  
	
   System	
   Ncoll	
   RAA	
  

p+p	
   1	
   -­‐-­‐	
  

p+Pb	
   1-­‐20	
   1	
   	
  	
  x15	
  coll	
  –	
  no	
  effect	
  	
  

Pb+Pb	
   15	
   0.7	
   	
  	
  x15	
  coll	
  –	
  30%	
  effect	
  	
  

Pb+Pb	
   1600	
   0.2	
   X100	
  coll	
  –	
  70%	
  effect	
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Future	
  improvements	
  

•  In	
  principle	
  this	
  detector	
  may	
  allow	
  to	
  measure	
  effects	
  for	
  same	
  Npart	
  
in	
  different	
  systems	
  with	
  small	
  systemaAcs.	
  

•  Will	
  play	
  vital	
  role	
  in	
  electron-­‐Ion	
  collision	
  by	
  direct	
  measurement	
  of	
  
	
  	
  	
  	
  spectators	
  and	
  hence	
  parAcipant	
  nucleons.	
  
	
  
•  Detector	
  resoluAons	
  should	
  be	
  improved	
  and	
  background	
  should	
  be	
  
studied.	
  
•  Need	
  to	
  make	
  detector	
  more	
  hermeAc,	
  measure	
  more	
  fragments.	
  
•  OpAmize	
  detector	
  staAon	
  posiAons.	
  
•  Understand	
  the	
  background	
  coming	
  from	
  the	
  upstream	
  
interacAons.	
  	
  

•  Understanding	
  double	
  counAng	
  of	
  fragments	
  in	
  different	
  staAons.	
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Conclusions	
  
•  We	
  present	
  concept	
  of	
  the	
  detector	
  which	
  improves	
  on	
  the	
  largest	
  
systemaAcs	
  in	
  most	
  of	
  the	
  heavy	
  ion	
  collisions,	
  the	
  systemaAcs	
  of	
  
centrality	
  determinaAon.	
  

•  This	
  detector	
  allows	
  to	
  measure	
  Npart	
  in	
  model	
  independent	
  way	
  and	
  
unbiased	
  from	
  any	
  other	
  measurement	
  done	
  in	
  the	
  detector.	
  

•  Detector	
  can	
  allow	
  to	
  characterize	
  events	
  in	
  several	
  other	
  ways:	
  
measure	
  event	
  plane,	
  select	
  asymmetric	
  events,	
  select	
  events	
  with	
  
different	
  A/Z	
  etc.	
  	
  

•  Detector	
  can	
  work	
  in	
  AA,	
  pA,	
  pp	
  and	
  eA	
  systems	
  and	
  has	
  different	
  
physics	
  applicaAons.	
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